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Oneite Analysis of Organic Compounds 
Using Field Screening Techniques 

1 Bruce L. Ball , AM 

This paper describes the use of portable wet chemistry 
soil field screening techniques to detect organic compounds 
commonly found at sites undergoing site investigations and 
r~m.;rl i a 1 nct:.i.ons. r.olormetric, immunoassay, and thin layer 
chJ::"omatography fle.ld Rr.rP.Ani.ng mP.t:horlA nrA ciARr.rihP.d, and 
application limitations are discussed. The methods are 
compared based on a variGty of factors including 
sensitivity 1 cpecificity, accuracy, and cost. Method 
selection, quQlity aaaurancc/quality control proccduroc, 
and ~egulatory acceptance of field screening methods are 
a.lt;U ul~H;U~:::sed. Two case Studies are pres anted 
illustrating L.h~ use or field screening techniques to 
define the spatial ~xtent. u£ t;Uilttuninnt.iun. 

J.ntroduct:ion 

Field screening methods are analytical techniques used 
under field conditions to characterize organic and 
inorqanic compounds in various matrices. The numbers and 
types of field screening technologies have increased 
significantly over the past 10 years in response to the 
environmental industry's demand for inexpensive, simple, 
accurate, and rapid chemical characterization methods that 
can be used onsi te. A large array of field screening 
technologies has been or is beinq developed. 

F1Ald screening is defined by the u.s. Environmental 
Pro~ection AoP-n~y (lqq1) as methods that (1) provide an 
indication of the p~8~en~P. nr ~h~P.ncP. nf ~ ~~rOA~ annlytA 
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uL· ( 2) provide an indication of the analytes concentration 
:relativt:t tu d. pL·edetenuined _concentration. Field screening 
generally does not pL·uvl.ue c:helnica.l-specl!:ic lu!oL·lndL.lon; 
such as type of compound within a chemical class. Field 
screening ~echniques are tools for performing cost­
effective contaminant delineation during site assessments, 
emergency remedial actions, remedial investigations, and 
remedial activities. Field screening does not replace 
laboratory analysis, but does decrease the number of 
samples sent to the laboratory for analysis. 

This paper focuses on available portable wet chemistry 
soil field screening techniques for polychlorinated bi­
phenyls (PCBs); petroleum hydrocarbons (BTEX, diesel, jet 
fuel, kerosene, he a tinq oil) , pentachlorophenol ( PCPs} , and 
po 1 ynuclear aroma tic hydrocarbons (PARs) . The methods 
discnRF=lP.ti tin nnt. :require specialized experience to use and 
have a cost advantage cnrer. J..:'lhn,-:o;~t.ocy analysis . 

.A.dvantaq~~Lni.R;:~rlv~::m+:~tqP.R nf FiP.1n ~~rP.P.nina 

The primary advantages of field screening compared 
with labor~tory analysis arc quicker turnaround time and 
lower coet. Quick turnaround time o.llows for rapid 
delineation of contamination, onsite selection of optimal 
bu.clng and monitoring well locations, and 5egregation of 
clean and tJtmt:allLinaL.ed r:;oll du.clny e~ca.vaL..lun !u.1: L"t;lmuvd.l 
and treatment. Typical laboratory turnaround times range 
from 1 t.o 5 weeks depending on the number of samples 
submitted and numoer of analyses. 1''ield screening can 
provide results within lO to 60 minutes. The lower cost of 
field screening allows tor more frequent sampling and 
analysis than would otherwise be economically viable. More 
data points result in accurate characterization of the 
vertical and horizontal distribution of a contaminate at a 
site. Field screeninq costs are typically 30 to 80 percent 
less than laboratory costs. 

The primary disadvantages of field screening are 
rrAr.iRinn and accuracy of the data. Field instrumentation 
is g~E~nF.:>:r..s~lly 1AR!=l ,::nDhi~=et.i~At.Ati Min A~l"!nrllt:P. t:nM'l 

laboratory aquipment, resulting in generally higher 
detection limits and lower precision and accuracy compared 
with laboratory gas ch~omatog~aphy (GC) analysis. 

Oescriation of K9thods 

Avoiloble portublc wet chcmi~try field ocroening 
methods for org~nic compounds include color.metric, 
immunoassay, and thin layer chromatography techniques. 

ColuLmet..I:ir..: Teclmlques 
Colo:onetritJ t~tJhuly_ul;lti tt.L·~ JILtll.lluuo L.htt.L u;:;..: ~;.;uluL· 

reagent:s t.o 1nd1cat.e the presence or absence of a chemical, 
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and gemu:ally use color cha:t"ts to estimate the 
concentration of the c.:httmicc:tl. CCJluunttt;t:l&;.; ki·t;;.~ c.;ur.t"f;llll.ly 
available for soil organLc ~naly8is are rnanutac~ured by 
Hanby and uexsil. Hanby kits are capable of detecting a 
full range of petroleum hydrocarbons, PC.Bs 1 and PAHs . 
Oexsil's Clor-N-Soil~ kit is tor PCB analysis only. 

The anal vsis procedures for the Hanby kits involve the 
addition and mixinq of a color reaqent and catalyst to the 
test tubes containing the sample extract. The hue and 
intensity of the sample are then compared with color 
photnqraphs to determine the contaminant type and 
concent.rF.I"t.J nn. Hanby has developPld A 1 a:rgP- 1 i hrary of 
photographs for a full :r:ana~ nf f'lr.omat.ic compounr-ts over a 
wide concentration rang@. ···-., ..... 

ThQ D~~~il test is an indirQct method for analy2ing 
PCSs by m~asuring the total chlorinG conc&ntrationlin a 
sample. 'l'ha OGxsil Clor-N-Soil'l'M PCB kit ana--.1.ysis 
procedures call for the ~ddit~on of metnllic ~odium to 
et~ip the chlorine from the PCD molecule. The ~hlorine i~ 
Lhen ~ransfer:t"ed to the aqueous phase and rneasuJ;ed with 
merc.;uri(,; nll...L't'd .. e and a color indica Lor soluL.lua. J3o Lh 
Hanby and Oexsil have adcpt~ti auclyzers for use with their 
kits to provide quant:1t:at.1ve results. The meters are 
relatively expensive and therefore a~e only economically 
viable tor high throughput projects when mot:e than lOU 
samples are to be analyzed. 

The following is a list of factors that may affect the 
accuracy of colormetric test results. 

1. The Dexsil Clor-N-Soilm tests cannot be used at 
Rltes suspected of being contaminated with chlorinated 
compounds. 
2. The sel'tli-quantitativ-e results are subjective 
baoause samplG r&sults are compar9d with color charts 
or photographs. 
3. VCBo cannot bo dictinguichcd from oil with the 
H~nby kito if high conccntrationo of oil ur~ proocnt 
in the soil. 

IJ.WilUJlOasoay TechniquetS 
Iuununoassay methodology has been used in Lhe medical 

field foz:- mCJ,~;·~ l:.haa 2 0 yl::la.r::;; .Cv.t: r(l.iJ.i.U a.m.l ~c.:&;.;uL-1:\ L~;;: 

measurement of analyte8 such as hormones, microorganiems, 
and drugs. The first. immunoassay kits tor use in the 
environmental field were introduced in 1!191 by t:nSys. 
'I'ne~e are now four manufacturers of immunoassay kits 
applicable to the envir~mental field including EM~cience 
(D-Tech'l'M), EnSys (RISe ) 1 Millipore (EnviroGard ) 1 and 
Ohmicron (RaPID Assay~l. Immunoassay kits are available 
for petroleum hydrocarbons, PCBs, PCPs, :PAHs, pesticides, 
and ordnance analysis for water, soil, and equipment 
surfAC!Af::. 
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Immunoassay techniques employ antibodies tha~ target 
specific analytes. A wide variety of immunoassay formats 
have been developed to allow visual or instrumental 
measurement ot the binding reaction between the ant1oaay 
and the target analyte. The antibodies are eoated to 
either single-use polystyrene test tubes, microtiter 
plates, particulate systems, or magnetic particles. The 
analytes compete with known amounts of enzyme conjugate tor 
a limited number of antibody binding sites, The more 
analytes there are in the sample, the more en2yme conjugate 
they will displace from the binding sites. Substrate and 
chromogen are added for color development. The amount of 
An~yme conjugate bound to the antibody is then measured 
with a port-.n.h 1 I=! ~ (lFH-::t rnphotomP-tAr nr :r'Af 1 Ar.tnmA"t.P.r. ThA 
amount o£ bound conjugatQ is inv~rsgly proportional to th~ 
amount of analyte in the sample. 

EnSys and Millipora use tha sama spectrophotometer in 
thc~r bacic kit. Ohmicron p~ovides a more advanced and 
expenoivc proqrornm~blc analymcr that automatically convert 
imm.unoaaeay opt;i,cnl. readings to sample concentr.atlona, and 
~to~e sample data and calibration curves. The analyzer 
also include pl:"inte~s fo:~; automatic pl:"intout of ~e:;;ult:;;. 
EM Science has developed a low cost. hand-held re!lecLomeLeL· 
that can etortl t:t. JIJt:t.xiuLwLl o! 127 t:;t:t.lltpltl r;l;le:u..lingl::'l. 

The following is a list of factors that may affect the 
accuracy of immunoassay test kit results. 

1. uetection limits will vary for compounds within 
a chemical class (i.e., Aroclors). The methods are 
not compound specitic; theretore, prior knowledge of 
the compound of interest is important to improve 
sensitivity and accuracy of the tests. 
2. The immunoassay field screening methods are biased 
positive. 
3. Ambient temperature can affect reaction rates, 
requiring adjustments to the incubation times. 
4. Th~ PrH R~nsitivity dR~rR~RAS for ~AmDlA~ with 
petroletun concentrations in excess of 1 percent. 
5. The petroleum kits can only be used for light 
hydrocarbons such as BTEX, diesel, jet fuel, etc. 

'l'hin LCJ.yer Chroma:tcgraphy 
Unlike the previou:;; wet chemistry techniques 

di5CU55ed, thin layer chrornatogrQphy (TLC) ~e not 
commercially available in ki t:J. However 1 Friedman and 
Bruya (1991) have developed a list o£ materials required to 
perform cnalysis on 50 samples including QA/QC 
.cequlL·ementos. TLC i:;; more difficult to pe:cform than the 
c.:ulo.r:uu:~LL·l~..; c:Ulr.l lliuuunoa.55ay Jd."L.5 pJ:o!llcd. 'I'IJC l5 u.tie! u.l 
for fh:tld ::H;:r;t:JI:::Hiny I.!Ol!IJ:IOUUUS lLUL. C.:UI.-.t:I:!UI..ly ctvctllal..Jl~ in 
user friendly kits, such as heavy fraction hydrocarbons. 
'.L'LC can also provide spec1t1c information such as type of 
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petroleum hydrocarbon, and whether the compound is a new or 
old spill. 

TLC is a well established analytical technique that 
has been used for more than 40 years for orqanic analysis 
and has been adopted for use in the field by Friedman and 
Bruya (1991). TLC is an inexpensive technique that can be 
used for the analysis of samples for semi-volatile and non­
volatile contaminates. 

'f'T .r i s ~ ~o l i ci -li qn i d r.h -rrnnr:~ t.nl):r.F.~.phic system. The-
liquid [lhFlRP. i .. R nRP.ri t.n r.;:n~:ry, or physically move, the 
analytes from one point to another through the solid or 
immobile phase. The solid phase is silica ggl that is 
coated onto a glass plate. As the analytas move, they 
pa:rti tion bGtwGQn th9 solid and liquid phase. .1\nalytes 
strongly att~acted to the solid phase will remain on the 
colid phase lonqor and move slower than analytco th~t are 
not attracted. 

The analyses res~lta nre vi5ualized after the 
chromatography proc:eoo hao be~n .stopped by pla~;:i:ng L.h.e TLC 
plate in e~. conto.inel; with iodine crystals OL' by ul:il.u~ em 
ulL.r:avioleL (UV) light. Solne ~,;umpuundti, ~melt as 
trttn::.;forrner mineral uil, ii;t;tl nut visible under UV light and 
can only be seen in the 1od1ne chamber. To determine the 
concentration of the analytes present, the intensity of the 
unknown sample is visually compared with stanclards of known 
concentrations. 

The following factors may affect the use of TLC 
techniques and their results. 

1. The silica qel plates are sensitive to dirt and 
must be used in a relatively clean environment. 
2. Results are subjective because concentrations are 
evaluated based on intensities relat.i.vP- - t:o t:hP. 
intensity of standards with knnwn r.nnt"'!,=mt.r,;'lt . .i.ons. 
3. Fi Alrl pArAnnnAl mm=tt. hl'lvA r~ ho!I.F.d.c u.nderstanding of 
chgmistry and somg laboratory ex~eriance. 
4. The moderate sensitivity of TLC may limit its 
application in cases where low detection limite arc 
roqui:t"cd. 

rerformonce Charncteriotico 

Se.rJ.tJl Ll. v 1. Ly 
Mlulmum dt::L.t;H.:Lluu llml.L.:;;, LatH::;Jr.l un mtmufacturer da"ta, 

are li::Jted in Tabhns l and 2. None of the tests can 
distinguish a specific compound within a chemical class 
(i.e. 1 Aroclor 1248 cannot. be disting-uished from other 
PCBS). Different physical and chemical properties between 
compounds o:f ·tne same chemical class wiLl a!tect the 
sensiti~ity of the tests. The best sensitiv.i.ty can ba 
achieved if the target analyte is. known (i.e . , Aroclor 
1246 1 diesel) and the test is modified to use target 
analyte standards. The sensitivity of the TLC tests is 

Eall 
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generally hiqher than that of the colormetric and 
immunoassay tests. The skill of the analyst in s.pot:t:!.ng 
the TI.r. plates and comparing the visual I'J'r"A~Ant . ...,tJ.on of t.he 
RAmplA to stAndarns is a c:r.it .. ir.nl A1Am~nt. in establishing 
reliable sensitivity levels. 

Weathering c£ the tarqet analyte can also af£Qct thg 
sansitivity of th9 t&sts. Studi&s parformad by Ri.ttenburg 
{ 1993) and Millipora Co;rp. ( 1994) have shown that weathered 
samples analyzed with the immunoassay petroleum tcoto may 
give higher apparent rcadinga compared with GC readings, 
due to the higher proportion of semivolatile!!! prc:sent 
following the loae o£ the volatile components. This factor 
will cause the test to have a positive bia5. 

Accuracy 
Accuracy is defined for quantitative analysis as the 

ability of the ~est to predict the value of the analyte as 
determined by a GC. Accuracy is expressed. as the slope and 
the correlation coefficient of the linear regression for 
split samples analyzed by field screening methods and by a 
GC. Accuracy for semi-quantitative results are calculated 
by comparing the interpreted results with the GC results. 
Accuracy values, based on manufacturer data, are listed in 
Tables 1 and 2. 

Neidigh ( 19 93) compared immunoassay PCB kits from 
EnSys and Millipore and reported a 97.2~ pArcAnt. 
co:r.relation between the En~ys k.it.s Ann t.hA GC and a 98.43 
pP:r'~Ant. ~t'l:r''I"Al ~ t. i rm h!=!t.wAAn t.hA Mi 11 ipore kits and the GC. 
The accuracy of t.he colormet.ric and TLC fi~ld tests can be 
affect~d by the interpretative skill of the analyst to 
visually comparg thg results· of th~ unknown sample with 
standa~ds. ~he closer the concentration of the unknown 
sample is to a standard, tho bettor the accuracy. 

Specificity 
Field ::~creening methods will noL dl.(.CI;!.t-l;!alia t~ bt:!tWt=t:!n 

th~::~ t.ai:gt:!t dllalyL~o and ulla~r t;losely related compounds, 
but will detect t:helr presence to differing degrees. .t·or 
example, the ~c~ test Xi~s will detect other phenoLs in 
addition to PCP. The specificity ot some test will vary 
tor. compounds within a chem.i.cal class. For example, the 
i~unoassay PCB kits are calibrated with a single 
Aroclor (1254 or 1248) and lesser Aroclors, such as 1232 
and l0l6, have less response to the test. 

A mixture of compounds will tend to degrade the 
specificity of field screening tests. The TLC and the 
Hanby test cannot distinguish PCBs from oil. Gaskill 
reported immunoassay tests mav be susceptible to non­
specific interferences, especially nonaqueous solutions. 
In a comparison of the EnSys PCB immunoassay test kit with 
the Dexsil L2000 kit and GC, Gaskill showed that the 
immunoassay test consistently undP."r"P..Rt: imAt.Arl t.hA 'PCR 
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concentration, when the concentration of oil in sail was 
qreater than 2 percent and 20 ppm Aroclor 1242. At hiqher 
Aroclor concentrations, the oil had less impact on test 
results. The Dexsil quantitative kit results were 100 
percent comparable with the GC results for all oil 
concentrations tested in the study. 

NnnA nf t.hA pAt.rnl Anm immnnn11.ssay fie-ld t9sts can 
separate hydr.oc<'!:r.hon mi xr.nr.P.~ ( BTEX versus diesel). 'l'he 
immunoassay test. are only valid for ligh.t fraction 
hydroca~bons such as BTEX, diesel, and kerosene. Prior 
knowledge of the target petrol8um compound is required for 
accurate concentration determination. Tho colormotric and 
TLC teste can distinguish among petroleum producta prov-ided 
the producto arc relatively pure. Friedman and Druya h~ve 
developed a oataloq of TLC patterne for delineating various 
analytel!!l . Hanby has also developed a l.i.b:rary of 
photogr:aph:s that corre::;pond to various a:r:orntll..lc.;: CUlllf.IIJU!u.l::; 
t1t va..c.-yin~:~ com.:enL..c.:r.l...tons. 

Biased Pos1t1ves/Negat1ves 
~iased negatives occur when the predicted 

concentration result is lower than the GC result. Biased 
positives occur when the predicted concentration result is 
higher than the GC result. 

The Dexsil tests are susceptible to biased positives 
in the presences of chlorinated compounds other than PCBs. 
For immunoassay tests, biased positive rates typically 
ranqe from 1 to 10 percent, and biased negatives are 
generally less than 5 percent. The Ohmicron immunoassay 
tests are the least susceptible to biased positivos and 
nAlJntivA~. ThA ;::mtihod.iA~ n~P.d for t.h~ Ohm1cron method ars 
coated t.o m~gn~?-t.i.c {lt't.rt::i.f:!11?~ that. havli' be9n shewn (.Aga and 
Thurman 1993) to be sup9rior to other solid surfaces. Th& 
Ohmicron tests typically have biased positivQ ratss of lese 
than 3 percent and biasQd nggative ~ates of less than 1 
percent. 

In ~ comparioon of Milliporc'o and EnSys teat kita, 
Neidigh et nl. (1993) reported a 0.6 percent biased 
positive rate and a 2.1 percent bia8ed negative rote out of 
329 Salnples analyzed U5inq the EnSyos }.:its. 0[ Lh~ 64 
sa..mples a.naly:Ged wiLh the Millipo.r:e klLs 1 Nt:llui.yh ulJ~t:z:vt:u 
1 b.ia::H:~tl at:lyi:ll...ivt: awl nu lJlt11;)t:lU pu::;itiv-=:JH. The nature o! 
t.lle TLC t.etst.s limit. biased negatives and positives. A 
biased contaminated with material or finger prints. 1;;\iased 
negatives can occur tf the iodine development chamber is 
too cold. 

Kit Selection 

Numerous factors impact the selection of an 
appropriate field screening technique. Some of the factors 
to be considered include cost, throuqhput requirements, 
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data quality objectives, site characteristics, turnaround 
time, and simplicity. A comparison of factors are 
presented in Tables 1 and 2. 
·· The Dexsil, EM Science, EnSys, and Hanby kits are 
designed for low throughput {less than 20 samples per day) 
and single sample analysis, but can also be used for high 
throughput. Millipore, Ohmicron, and TLC are desi~ned for 
high throughput (qreater than 20 samples per day) and for 
batch type analysis. Equipment and analyzer cost 
associated with the high throughput methods make their use 
as low t:h:r.t:mghptlt. ld t.R t:on P.XpP-nsi.vP.. F.nSy~ Ann Mi 11 i po'I"P­
kits provide s9mi-quantit.:~t.:ivA r.Aftnlts. The Ohrnicron kit. 
is de5igned to providg semi-guantitative or quantitative 
results. 'l'he Hanby and Dexsil kits can also be us8d 
qu~ntitativoly providod the optional analyzer ic rented or 
purcho.aed with the Jc:i t . 

All of the kit::~, with the exception of TLC and 
Dex::!il' 5 r;iemi-quo.nti tative PCB kit, are copo.ble o£ vecy low 
Ul;!l..l;!t.;l,.,i.uu llmlL8. The Hanby, EnSJ5r and TLC k.lLs p:covide 
the most flf::!xibili t.y J:u.t.· i:tlld.ly~iu~;~ high cuuceutrat.iun::i ur 
the target analy~e without dilutions. EnSys cus~omizes 
their kits to t.he project requirements. 'l'he detection 
range of the tlhmicron method is narrow, which increases ~he 
frequency of dilutions i:t the .kits are used quantitatively. 

Other practical factors that might affect the 
selection of kits are batch run times and skill level 
required to use. the kits. The colormetric kits are 
designed to provide single sample results in as little as 
5 minutes per sample. The other field screening kits are 
designed to run batches of 4 to 20 samples, which increases 
the sample preparation and analysis time. The colormetric 
tests are by far the easiest test to run and require little 
skill or knowledge of chemistry. 'l'he 'l'LC test are 
difficn] t. t.n run ~nmpAr~d with othP.r mP.t~hnds <'lr'ld rP.gui:rP. at 
l~ast some prior laboratory QXp~rigncQ. 

The chemicals used in the Hanby kit a:r:e toxic and 
volatile. When performing tests 1 special care is required 
to keep the chemicala out of the breathing zone and o££ the 
~kin. The chemicals are alao an explosive ha~ard if mixed 
with water. 

Fie1d QA/QC Proceduree 

Although sample colloction and analy~i::; :;;trategics 
will vary, there are basic QA/QC guidelines tha~ should be 
incorporated with all projects when using wet chemis~ry 
field screening analytical techniques. Manufacturers' 
QA/QC procedures are usually lirni~ed t.o requiremen~s ~ha~ 
are essential tor the successful use of their kits. ~hese 
procedures are otten inadequate to meet the requirement ot 
having defensible field screening data. The degree to 
which the following QA/QC procedures are incorporated with 
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field screening in a project is highly dependent on the 
quality of data that is required and the type of analysis 
to be performed. 

Field Workinq Environment 
The environment in which the analytical work is belng 

performed can have a direct effect on the fjRln ~~~A~ning 
results. Field screening should be r.nnrlnc;ted in a dry, 
well lighted space, whether nut.~:ide or in a temporary 
shelter. (!hanging W"Ai'lt-.hP.r. ccondi tions can hav-e an adverse 
~ffA~~ nn both the tests and skills of the analyct. The 
operating tQmperature of field so:r:aening kite vary, but u.:r:e 
generally designad for temperaturco between 60 and 100 F. 
Tamperatu:t"es outside thic range mo.y .!l.ffect the reaction 
ratoc, requiring modification of procedure~. Expos~L~ u! 
the immunoassay teat, TLC te5t, and electronic t!~.JuipJur:mt. tu 
ternperature3 greater than lOO F will g~v~r~ly degrade the 
quality of the re5ults. 

Blanks 
To assess the etfec't, if any, ot the extraction 

solvent on the quantitation process and to check for field 
laboratory contamination, a blank of the extraction solvent 
is required with each sample batch. Blanks should always 
be negative for the ta~get analyte; if they are not, the 
whole batch run is invalid. 

s~le Duplicates 
Sample duplicates, also known as splits, are analy~Arl 

to evaluate the homogeneity of a sample. Samp1A dnplicnt.es 
should be analyzed for a min.i.mtJm of 10 perc(;mt of all 
samples field screenRd, rAo~rdless o£ data quality 
r.eqtl i rRrnFmt.r:::. Any sample s9nt to an offsi tQ laboratory for 
confirmatory analysis should bg analyzed in duplic~tc. A 
wide variation in duplicato rccultc will likely reault in 
poor agreement with the off3ite reeult5. The preci~ion 
botwoon duplicates should be within in facto;~; of three. 

Gample Repllca~e5 
Sample l:"epll~.:~:~ L~ro az.·~::: multiple analysis of the sample 

ext:~;act. Sc:uuple ~.-~.f:Jl.i.t.:at.et> :should be analyzed for a 
minimum or 10 p~L"t.:tmL uf the samples, regardless of data 
quallLy ~~ui~ements. Replicates provide an indication ot 
Lhtt pr~cision o! the analytical method. Except :tor the 
colormetric tests, numerous steps are required for the 
immunoassay and TLC tests, thus the possibi~ity of error is 
introduced. RepliCates are especially important if 
quantitative analysis is to be performed. The precision 
between replicates should be lass than 20 percent. 

9 Hall 
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calibration Standards an.d St:andard Duplicates 
Standards are utilized, when color charts are not 

used, to assist in quantifying the concentration levels in 
a sample. Calibration standards should be run with each 
batch to equali:!:e the effect of temperature and matrix 
variabilit.y on the amll.ytical process. Standard duplicates 
should also be run for at least one standard to check 
prec1s~on. The precision of the standards should be less 
than 20 percent. 

Background Marrix Analysis 
A clean sample from the sitQ should be analyzed to 

documQnt the effect of the matrix on the field screening 
method. If clean onsite soil is not available, other coil 
that ic roprocontativo of the cont~mino.tod ooil m~y be 
used. 

Con£ir.mat1on Sample~ 
Con!l.J.:nla Llun ::sam}lh~~:~ ::shuulu 1.1~::= l;if;;lUL Lu the laboratory 

(uJ:: <:tud.lyl::;ll:i I.u.r.· t1 !J.t:tlut=L.~::~J::mim:;d percentage ot fielcl 
Hcreened a;amples. This predetermined percentage is a 
tunction of da~a quality requ!remen~s, type of project, 
regulatory requirements, potent.ial for interfering 
compounds, and experience level with the method. 
confirmation samples provide an indication of the accuracy 
of the field screening results. As a minimum, 5 to 10 
percent of the samples should be sent to the laboratory if 
semi-quantitative analysis is to be performed and data 
quality requirements are low. For quantitative analysis 
and high data quality objectives, 10 to 20 percent of the 
samples should be sent for analysis. Confirmation samples 
should include a full range of samrl P.R frnm t.hl?. det.ection 
rAnCJP-, i nr: l nrl i ng nnn -c"l~b=u:t.R, s"'mples near thg thrQshold 
requireme-nts, and "hot" samplgs. 

Regulatory Acc~ptance 

Some field screening methods have been approved as 
d~aft methodo for incluoion into the third updQte of Tegt 
Metl1od~; ruL Evalua Lluy SulJ,cl W~~t~, SW-486, EnSys and 
Millipore's PCB immunoassay kits have been excepted for 
inclusion in draft Method 4020. :t:nSys · i'C,!J met.hod was 
included as araft M.ethod 4010 in che second update of ~·est: 
Methods for Eva.J.uatJ.ng Solid Waste, SW-486. EnSys' 
petroleum and PAH methods have been accepted for inclusion 
into draft Methods 4030 and 4035, respectivaly. Millipore, 
EM Science, and Ohmicron are currently seekinq inclusion of 
their methods into the draft Methods. Also, Hanby and 
Dexsil are seeking EPA approval of their methods for 
incorporation into SW-846. TLC is not currently under 
consideration for inclusion as a fleld screAni ng mRthnci 
under SW-A4fi. 

10 Ball 
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Case Studies 

The followinq two case studies profile the 
applications of field screeninq methods at a series of site 
investigations of electrical substations and at a remedial 
action involving the removal of contaminated sediments in 
a creek. 

Electrical Subs~ation Site Assessments 
F.nv.i.ronmC!ntal assessments were pA:r.fo:rrnAd for. twn 

act.ive and Al=!vAn i nn~t-.l.vP. A 1 A~t:ri.r.al substations located 
within th~ Tacoma, Washington metropolitan a~ea on 
residential, commercial, indu5trial, military, and 
Superfund propartias (BVWST 1993). The two active 
cubctationo wc~o invoctigatcd to cv~luatc prcviouo cleanup 
actions. The seven inactive oubatationa were to be sold 
for redevelopment. During the operational life of the 
~ubetatione, soil, concrete, and equipment ~u~face~ had 
lH:H.:Ulllt:! L:uuLcuulnd L8d wl Lh PCB;s dHU mlut:!.t:al ull. 

PCB cletlnup lev~ls fur th~ State of Washington are l 
ppm for residential property~ 14 ppm for commercial 
property, and 18 ppm for industrial proper~y. ~he mineral 
oil cleanup concentra~ionnts 2DO ppm. 

~llipore EnviroGard PCB kits were selected tor use 
semi-quantitatively at a 1-ppm threshold. TLC was used 
semi-quantitatively for mineral oil analysis. More than 
900 samples were collected and analyzed for PCBs and 
mineral ·oil at a rate of 40 to SO samples a day. 
Confirmation samples were collected and sent to a 
laboratory for approximately 10 percent of field screened 
s?tm{'l 1 P.~. 'T'hP. ~or-rP.l .At. ion r~ t.A yi A 1 nAn 1'1 1. 0 0 :()A-r"Ct=!n t: 
accuracy rat~ for PCB concl?nt.rat.ions less than 1 ppm and a 
93 percent accuracy rate for PCB concentrations greater 
than 1 ppm. Th9 rQsul·ts of thQ illlmunoassay kit yielded a 
biacod pocitivc ~ate of 4.6 percent Qnd no biaocd 
negatives. The correlotion rate for the TLC mineral oil 
o.netlysie Wde 70 percent, with the concentration of 11 
pe.ccent of the samples overestimated and 11 pe:ccen"L 
uml~:::I.·~;:::;; Ll.mt:1 L.t:c.l. 

Figure 1 illustrates how the field screening results 
were used to determine the spacial extent of PCB and 
mineral oil contamination at one of the substations. 
Simllar site maps were developed .tor all ot the substations 
with contamination and used to direct the remediation 
effort. use of field screening saved the client $20,000 in 
laboratory tees or 15 percent ot the project's cost. 

Creek Remedial Act:ion 
Joint caulking containing up to 300,000 mg/kg of PCBs 

was used in a buried 65.6 million gallon reinforced 
concrete reservoir when the reservoir was constructed 30 
years aqo in Northern California (BVWST 1994). Durinq 

ll Ball· 
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cleaning of the reservoir, 6ome of t.h~::: u~:::Le.clora.t.ed 

caulking material was wal!!lhed intu tht! uv~;;:.t·!low/dJ:dln line. 
The reservoir overflow/drain l1ne t.erm1nates at c.n tllLt:.t:gy 

dissipator, where discharged water is releaaed into a 
pristine creek. The creek flows through a historical park 
and garden and discharges into a storm sewer at the 
southern boundary of the property betore discharging into 
the San Leandro Creek. 

Initial sampling of the creek indicated the presence 
of PCBs of 0.08 to 46 mg/kg at the dissipater and as high 
as 320 rnq/kq in the creek bed. The initial remedial action 
included removal of sediment to a depth of 1 foot, 50 feet 
upst.rAI'Im ;:md 500 feet downstream of the energy dissipator. 
Confirmation so!'!mpl A results were received 3 weeks later 
indicating PCBs wr;;art;\ P:t. ill {)l'"As:;Ant. ahnvA thri!! action level 
of 0.1 mg/kg. Subsequent sampling indicAt.~rl t.hA 1 i nP.Rr 

extent of PCBs in thea creek bed extended 1, 800 feet 
downatrc.::Lrn of the dissipato:c. PC:S f!tald screening was 
in~tituted into the cooond phase o£ the remedial action to 
provide onslte results, faoili tate coil segregation and 
~emoval, and to minimize tho number of oamploc ecnt to the 
laboratory. To maximize analysis And removal efficiency, 
thi:! c..:L·~Ii:!k bed was divided into 50-foot section5 and 10-foot 
aubsection5. !'.. tn::~v~:::n-poin·t hexe.qonal 6arnpling grid wa~ 
used to collect. composit~ oi:lllli.Jl~o:a £o1.· .Cleld sc:ceening f~om 
10-foot lengths of the creek. If thE:? r~:sulLI:i w~L·t:= above 
threshold levels, a 1-foot lift of soil was removed and th~:: 

section resamp!ed.. '!'his process cont.inued until field 
screening indicated tne section was cleaned. !f the field 
screening results were below threshold requirements, the 
sample was sent to the laboratory for analysis. Over 2,~ou 
samples were field screened. A total of 152 confirmation 
samples were collected from the creek bed and 290 
confirmation samples from the creek banks. 'rhe biased 
nt?g.Ati vA rAt.FH;; were 0. 6 percent for Aroclor 1248 and 2. 5 
percent fox- Aroclor 1254. URP. of the fi.eld screening saved 
the cliant in excess of $200,000 .i.n. 1Ahm-:-n.tory, 
romobilization, and downtime costs, and allowed t.he r.l:i Ant. 

to quickly romcdiato the site. 

Conclusions 

U5e of field acrccninq methods in conjunction with 
confiL-matory laboratory o.nalyain can rooult in accurate 
deline~tion of contaminnnt plumes at a ~ignificant cost 
:;;ovings in ai te characterization efforts nnd remedial 
cH.::t.iuw:s. Analytic::al :~:eault!l can be obtained within 10 t.o 
60 rninuttll;i, 1:1llowlng for field deciEiiOnl!! re9arding bori.ng 
placement or ::;uil tsey.r:eyaLlon ~ Field !;;creening method5 
need to be selected ba::i~d un l:iiLt:l l.:hdract:eri5tice, dlltc. 
quality objectives, and regulatory requin:~m~nL/5. 

1:2 Ball 
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Table 2. :mmuno9say Tech~i~ues 

Immur.os.s say 

Xillipote 
EM Science EnSys Enviro 

Pararaeters D-'l'ech:M RIS.£m GardTH 
(1} ( 2.} (.3) (4) 

5ensi t!..v.::. t:r ::ng/:tg) 1,2 

Petroleum l.O 10 2.C 
PCB :).5 0.4 0.5 
PCP UD 0.5 o.os 
PAR liD 1 1.0 

l.ccurac:y zZ 96-99 93-95 92 

SkiL Le•Tel3 Low- Y.eciun liedium 
Satlp:.es "Jer Kit11 4 ~ 12. 

Resu.:.t.s 5 s ;) s 
Throughput Options Single,IBat·:::h Single/Batch Batch 
Batch Ru:1 ri.lle6 {min) 20/3C 30/45 50 
Anal7sis/EKtraction Kit Cost7 {$) 127 150-225 388 

Cost per Sample ( $) 31 38-56 33 

Eqt:i?Jn~r.t11 Cost ( $) NX 315-780 1,570 
Analyz~ru9 Cost{$) 2.99 935 839 
I . 

4 

. . ; Sens~t~v1ty ~~11 vEry depend~ng on target analyte v~th~n l1ste~ chem_cal class. 
Information ~rcvided b~ manufacturer. 
Training requirec: Low~ <2 iour, Medi1un • l to 6 hours, Higt = >6 hou~s. 
Actual numl:er of samples per kit n:ay ...-ary with i~A/QC requirements. 
S ""' sen:i-quar.titE-tive, Q = q·.1antitative. 
Analysis time based on single and/or multiple s~le analy~is. 
Actual ccst may Yary. 
Purchase cost; renta:. and loaner t:·rograns a::-e offered by some mauufact·~rers. 
Analyzer costs wil: va:y d~pending on deg=ee ~f sophistication requi~ed. 

Ohmi::ron 
EaPID 

AssaytM 
(5) 

NA 
0.5 
0.1 
I'IA 

91 
Me diem 

2.0 cr 80 

S,Q 

Batch 
co 

fj)Q 

~0 

1.503 
800-3,985 

None req~;ireC.. HA :iot available. ID Under development; a·railable in J.99L or 1995. 

...... 
I ...... ..... 
I 
~ 
cr.> 



T~ble 1. C~loonetric £nd ~LC re=hniques 

Parameter 
(1) 

Sensitivity :mg/kg)l,z 
Petrole101. 
PCB 
PCP 
PAH 

Accuracy zl 
Sk.::.l: l..evel3 

Sanp:.es: per Iit4 

ltesul~s.'i 

~roughput Options 
!atch Run Tine6 (mtn) 
Anal7sis/E~traction Kit Cost7 ($) 
Cost per Ssmple {$) 
Equi~nt8 Cost ($) 
Analyzer1" 9 Cost ( $) 

:;olorn:etric 

Ha:tby 
(2) 

~.0 

5.0 
HA 

0.05 

99 
Lov 

30 

s 
S!.ngle/3atch 

10{45 
l.H5 

-iO 

N'R 
3,9SS (opt) 

' 

Dexsil 
C.:...o:--N-:Ioil'I'M 

(3) 

UD 
5.0 
NA 
tJA 

9~ 

Low 
2C, 

s .Q 

Single/Batch 
lJ/2.0 

10 
10 

NR 

3.5-00 (opt) 

Tl:in Layer 
Chromography 

( 4) 

50 
5.0 
5.0 
5.0 
>!!0 

High 
5•) 

s 
Batch 
75-180 

935 
~9 

200 

Z50 

Sensit~vity will vary depending on target analyte within listed che~c~l class. 
Information prov~ded b7 manufacturer. 

j. 

. .. 
1 

3 

1 

Treining req~ired: Law= <2 hour, Mediun = 2 to 6 hours. High = >6 hJurs. 
Actua.l numl:-er of sam?les per kit DIRY vary wit~'l ~A/QC rEquirenent:::. 
s a seU'.i-quar.titative. Q - quantitative' 
Analysis tfme based on single and/or nultiple ssmple analysis • 
ActW!.l ccst may va:-y. 
Purchase cost; ren~al and loaner programs are offered by some ma~ufacturers. 
Analyzer costs wilL ~ary dependin& on degre~ of so~histication required. 
None req~ired. NA Kot availa~l~. DB Under devel~pment; available in 1994 or 199~. 
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UNITED STATES ENVIRO~MENTAL PROTECTION AGENCY 
REGION 5 

77 WEST JACKSON BOULEVARD 
CHICAGO, IL 60604-3590 
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REPLY TO THE ATIENTION OF: 

• l 1 1996 

CERTIFIED MAIL 
RETURN RECEIPT REQUESTED 
AND FACSIMILE 

Mr. Ronald Frehner 
Project Coordinator - ACS NPL Site 
Conestoga-Rovers & Associates 
1801 Old Highway 8, Suite 114 
St. Paul, Minnesota 55112 

SR-6J 

RE: Review of Responses to U.S. EPA Comments, and Modifications 
to Third Draft Dewatering/Barrier Wall Alignment Pre-Design 

Work Plan (December 15, 1995); Approval with Modifications 
of new SOPs (December 15, 1995); and Approval with 
Modifications of Requested Modification to the Work Plan 
regarding Immunoassay Methodology and SOP {January 9, 1996); 
American Chemical Services NPL Site, Inc. Griffith, 'Indiana 

Dear Mr. Frehner: 

The United States Environmental Protection Agency (U.S. EPA) and 
the Indiana Department of Environmental Management· (IDEM) have 
reviewed the responses to comments and revisions for 
Dewatering/Barrier Wall Alignment Pre-Design Work Plan and SOPs 
dated December 15, 1995. U.S. EPA hereby approves the SOPs with 
the enclosed modifications. Respondents must address these 
modifications prior to the startup of field work. Replacement 
pages must also be submitted prior to the startup of field work. 

As you know, on November 22, 1995, the U.S. EPA approved with 
modifications the revised Dewatering/Barrier Wall Alignment Pre­
Design Work Plan contingent on approval of the Standard Operating 
Procedures (SOPs) . The Work Plan was submitted by Montgomery 
Watson for the American Chemical Services, Inc., National 
Priorities List (NPL) Superfund Site located in Griffith, Indiana 
(ACS Site), in accordance to the Unilateral Administrative Order 

@ Printed on Recycled Paper 



(UAO) (Docket No. V-W-95-C-260) issued by U.S. EPA on September 
30, 1994. The responses to comments, revised Work Plan and new 
SOPs were received by U.S. EPA on December 15, 1995. 

In addition, based upon a recent conversation with Montgomery 
Watson, U.S. EPA learned that Respondents planned to use the 
Ohmicron PCB immunoassay method in lieu of the Ensys PCB 
immunoassay method. U.S. EPA suggested that Respondents submit a 
request for a modification prior to implementation since the 
Ensys method had already been approved for use by U.S. EPA. 
[Note that paragraph V.35 of the UAO states . . [a]ny 
noncompliance with the approved . . . Workplan shall be a 
violation of the Order.] 

U.S. EPA received by facsimile a request for a revision to the 
Work Plan on January 9, 1996, to use the Ohmicron PCB immunoassay 
method in lieu of the Ensys PGB immunoassay method. U.S. EPA is 
not opposed to the use of the Ohmicron method since,_ just as the 
Ensys method, it is based upon proposed EPA SW-846 method 4020. 
However, the Ohmicron kit has not yet been validated by U.S. EPA 
to show equivalency with the EPA immunoassay method; hence, it 
may only be used for this project if field validation is employed 
throughout the project. Therefore, U.S. EPA hereby approves the 
requested modification to use the Ohmicron method with the 
enclosed modifications. -

U.S. EPA would like to point out however, it is unacceptable that 
Respondents have made a pattern of making unrequested 
modifications (i.e., unilateral modifications.) The UAO not 
provide for unlimited changes to the deliverables. It is 
wasteful of all our resources to entertain modifications unless 
unanticipated problems are encountered. Specifically, paragraph 
V.32. of the UAO states . . . [s]ubmission of an amended 
workplan or other deliverable which fails to incorporate all of 
EPA's required modifications, or which includes other unrequested 
modifications, shall . . . constitute noncompliance with this 
Order. 

U.S. EPA would like to stress that U.S. EPA and IDEM have 
expended many resources on this project to get an approvable Work 
Plan and would hope that Respondents would be more mindful of the 
process set out in the UAO in the future. 

If you have any questions, or require clarification, you may 
reach me at (312) 886-4745. 

Enclosure 

:Jh;;Y; /J~~ 
Sheri L. Bianchin, 
Remedial Project Manager 
Office of Superfund 
Remedial Response Section #3 



Enclosure 

Review of Responses to U.S. EPA Comments and Modifications to 
Third Draft Dewatering/Barrier Wall Alignment Pre-Design Work 

Plan (December 15, 1995); Approval with Modifications of new SOPs 
(December 15, 1995); and Approval with Modifications of Requested 
Modification to the Work Plan regarding Immunoassay Methodology 

and SOPs (January 9, 1996); 
American Chemical Services, Inc., NPL Site 

Griffith, Indiana 

Specific Comments 

1. Page 2, Paragraph 3, third sentence. 

Replace "GPCS" with "PGCS". 

2. Page 8, paragraph 1, sixth sentence. 

It appears that the sentence should read "The locations of 
the test cells are shown in the Pre-Design Work Plan." 
However, stating that these locations are shown in the Pre­
Design Work Plan is not adequate. Include a map showing the 
approximate locations of the pilot test cells in the 
Dewatering/Barrier Wall Alignment Work Plan. 

3. Figures 2 and 4. 

Figures 2 and 4 must be revised so that the dashed line that 
identifies the "approximate extent of contaminated soil" 
includes SB53 and AP-65 within its limits. As stated in the 
U.S. EPA's Specific Comment 12, both soil probe SB53 and 
auger probe AP-65 contained oily waste. 

4. Appendix D, Field Gas Chromatography SOP. 

A. Section D, item 3 and Section E, item 3. 

It is recommended that Surrogates, a,a,a-Trifluorotoluene 
and 1,4-Dichlorobutane, be added to the samples to monitor 
system and method performance. 

B. Quality Control. 

It is recommended that the Calibration Check Standard be 
analyzed at the beginning and the end of the day, in 
addition to after every 10 or fewer samples. 

c. Table 1. 

The reporting limits presented in the table are for water 
not soil. The Reporting Limits for Low Soils and 
Medium/High Soils should be given, since this method is used 
for Soi[s. Revise the table to include approximate 
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reporting limits for soil. If necessary, assume a sample 
weight of 5 grams in the calculation. 

5. Appendix G, Method 9100. 

Designate which sections of this SOP are applicable in this 
project. Section 2.11, Leachate conductivity using 
laboratory methods, is probably pertinent. Discuss whether 
Section 3.0 Field Methods are applicable. 

6. SOP for Immunoassay Methods. 

General Comments 

A. U.s. EPA document •i A. User' s Guide to Environmental 
Immunochemical Analysis" has been previously provided 
to you; it may still be useful for your consultation. 

B. Discuss which sections and pages of the manufacturers 
users guide are applicable. In addition, as well as 
providing the manufacturers users guide, provide a 
QA/QC section which is project specific. The revisions 
to the SOP should also be made in the next revision of 
the QAPP. This comment was previously provided to in 
the disapproval letter of July 21, 1995, and must still 
be addressed. 

C. High moisture content will affect sample 
extractability. Hence, it is recommended that the 
samples be dried prior to the analysis such as by using 
sodium sulfate. 

D. It is important to stress that it .is U.S. EPA's 
position that the kits yield screening-levle data only 

Specific Comments on RaPID AssayR Environmental User's Guide 
OHMICRON 

A. Since Ohmicron's PCB kit has not yet been validated by 
U.S. EPA, then it may only be employed for this project 
if field validation is used throughout the project. 
The following guidance document should be consulted to 
establish what is required for field validation: 
"Immunoassay Methods for SW-846: Recommended Format and 
Documentation for New Submittals" (July 1995) . If 
additional information is needed, you may contact 
U.S. EPA's Methods Information Communication Exchange 
Hotline at (703) 821-4690. 
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B. Section 3 - Quality Control and Sampling Plans 

The Level QA2 requirements, pgs 3.4 and 3.5, should be 
followed, and the other Ohmicron recommendations given 
in Section G., pg 3.5, considered. 

C. Section 4 - Selecting a Cutoff Concentration 

Should the project decide to employ a cutoff 
concentration, other than the 10 ppm PCB, specify the 
cutoff concentration, and complete the WORKSHEET form 
on pg 4.5. 

D. Section 4 - Selecting a cutoff Concentration 

Specify the calibration method used for this analysis, 
most likely, METHOD 2 - CALIBRATING WITH A SITE 
SPECIFIC REFERENCE MATERIAL, pg 4.4. Identify the 
calibration standard, Aroclor 1248, probably. 

E. Section 17 - Trouble Shooting 

There is a duplicate page 17.2 preceding Section 18. 




